We present our experience with correction of Madelung's deformity by the Ilizarov technique. Seven patients (eight deformities) were treated by osteotomy of the radius with subsequent lengthening and angular correction. They were reviewed at a mean of 30 months (1.5 to 5.5 years). At the time of operation their mean age was 19 years (9 to 44).
Madelung's deformity is caused by arrest of growth on the ulnar side of the distal epiphysis of the radius. It results in palmar and ulnar tilt of the articular surface, volar translation of the hand and wrist, shortening of the radius and dorsal subluxation of the ulnar head with incongruity of the distal radio-ulnar joint (Fig.  1 ). These anatomical changes alter the kinematics of the wrist and may result in a decreased range of movement, particularly supination and extension, decreased strength of grip and pain.
The deformity was classified by Henry and Thorburn 1 into four different aetiological groups: 1) idiopathic or primary; 2) secondary, after trauma, infection or tumour; 3) dysplastic, including dyschondrosteosis, hereditary multiple osteochondromatosis, Ollier's disease and achondroplasia; and 4) chromosomal or genetic such as in Turner's syndrome.
A non-operative approach to management has usually been recommended but during the last decade surgery has been proposed in selected cases. We have evaluated the results of osteotomy of the distal radius with subsequent bone lengthening and angular correction by the Ilizarov technique in Madelung's deformity.
Patients and Methods
Between August 1997 and September 2001 seven patients, five of whom were women, with eight deformities underwent surgical correction using the Ilizarov technique (Table I) . In all cases the indication was severe persistent pain on daily activities and, to a lesser extent, limitation of movement. Improvement in the cosmetic appearance of the wrist was also sought, especially in young female patients. The aetiology was congenital in five cases and acquired in three, after fracture in one, infection in another, and replantation at the level of distal epiphyseal plate in the third.
A visual analogue scale (VAS, 0 to 10) was used to assess the pain encountered before and at follow-up. The range of movement of the wrist and forearm were measured before and after operation. From radiographs, the angle of the articular surface of the distal radius in relation to the long axis of the radius, carpal malalignment and the degree of shortening of the radius were measured before and after operation. An assessment of functional and cosmetic improvement was also made. Patients were asked whether they were or were not satisfied with the cosmetic and functional result. Operative technique. A modified Ilizarov frame was constructed with three half rings connected by hinges and threaded rods. Four mm threaded half pins (Orthofix, Verona, Italy) were used, two in the proximal radius and two distal to the planned osteotomy close and parallel to the radiocarpal joint (Fig. 2) . The distal pins were placed at Lister's tubercle and in the interval between the fourth and fifth compartments of the extensor tendons. The frame was mounted to the pins with rancho cube fixation clamps (Smith and Nephew, Memphis, Tennessee) and the hinges were placed precisely along the axis of the proposed osteotomy. The frame was then dismantled and a transverse osteotomy performed approximately 2 cm proximal to the articular surface of the distal radius, after which the frame was reassembled, making sure that the osteotomy remained closed. After seven days bone distraction was begun and the radius lengthened by 0.25 mm four times daily (Fig. 3) . Once full correction of length had been achieved, angular correction of the palmar and ulnar deformities was undertaken (Fig. 4) . After full correction of the deformity had been attained the frame was kept in place until the distraction segment had consolidated. During the period of treatment patients were encouraged to carry out exercises to mobilise the fingers, wrist and forearm. Formal hand therapy was instituted after removal of the frame until full function had been regained.
Results
The clinical details and results are shown in Tables I and II. The mean pain score (VAS) was 9 before surgery and zero at follow-up. The mean duration of correction was 19 days. The mean period of consolidation was 34 days (21 to 56). The mean maximum follow-up after operation was 30 months (1.5 to 5.5 years). The mean age at the time of surgery was 19 years (9 to 44). All patients were free from pain at follow-up. Supination improved by a mean of 34˚ and pronation by a mean of 9˚. Flexion improved in five of the eight cases. The mean improvement in flexion was 15˚. Extension was improved in only one and unchanged in the remainder (Table II) . Radial and ulnar deviation were increased by a mean of 6˚ and 9, respectively and lengthening of the radius by a mean of 12 mm (6 to 25) (Table III) . Radiological measurement showed that the mean volar angulation had been reduced from 25˚ to 11˚ and ulnar inclination from 45˚ to 30˚. The mean carpal malalignment (volar translation) was reduced from 7 to 2 mm. However, slight deformity and malalignment remained in four patients (Table III) .
In one patient (case 5) a fracture occurred at the distal pin holes. We believe that this was due to our attempt to correct both the angle and the length at the same time. The patient underwent internal fixation with a plate and bone grafting, achieving close to the preplanned correction of the radius. Pin-track infection was treated with antibiotics for one week in two patients. There were no deep pin-track infections or neurovascular injury. Bone grafting was used only in the patient with the fracture at the pin-site. In one patient (case 2) extreme bowing of the ulna developed which required a corrective osteotomy. The rate of lengthening had to be reduced for a few days in five cases because of pain. A reduction to half of the lengthening speed for up to one week reduced the pain and normal elongation could then be continued. Otherwise the patients tolerated the procedure well and were satisfied with the functional and cosmetic results.
Discussion
In 1978 Madelung 2 described the condition as congenital and subsequently acquired forms have been reported. [3] [4] [5] Typically, it arises from an arrest of growth in the volar and ulnar part of the distal epiphysis of the radius resulting in palmar and ulnar tilting of the articular surface of the distal radius, volar translation of the hand and wrist, shortening of the radius and dorsal subluxation of the ulnar head.
Patients with Madelung's deformity may have pain in the wrist and progressive deformity. This is associated with a decreased range of movement especially of supination, dorsiflexion, and radial deviation while pronation and flexion are usually normal. Non-operative management may be ineffective in treating persistently painful wrists and does not prevent progression of the deformity. Several surgical methods of treatment have been proposed, including early prophylactic resection of the tether band before closure of the epiphysis 6 and early resection of the ulnar zone of the epiphysis of the distal radius with an autologous fat graft. 7 Resection of the head of the ulna may be needed once the epiphysis has fused. Excision of the distal ulna alone has also been reported, 3, 8, 9 but may leave the carpus unstable. In 1975, Ranawat, DeFiore and Straub, 10 studied 13 wrists in eight patients. Mild deformity was treated by a Darrach procedure, and severe deformity by the addition of a biplane radial osteotomy. Their results showed that the carpus tended to translate towards the ulna. Consequently, simple resection of the ulnar head has been largely abandoned.
In 1993, Watson et al 5 described radial osteotomy combined with both a closing-wedge technique on the radial aspect of the metaphysis and an opening wedge on the ulnar side. This preserved the length of the radius but also required resection of the head of the ulna. For post-traumatic cases White and Weiland 11 described a volar closingwedge osteotomy combined with a distal radio-ulnar arthrodesis and ulnar pseudarthrosis proximal to the arthrodesis (the Kapandji procedure). The osteotomy of the radius improved the mechanics of the radiocarpal joint and prevented radiocarpal arthritis. Fusion of the distal radioulnar joint maintained carpal stability. With this technique relief from pain was significant but the range of movement did not improve.
Osteotomies of the radius combined with shortening of the ulna have been reported. 12, 13 They generally consist of a biplane osteotomy with either a closing or opening wedge to correct the position of the surface of the joint and shortening of the ulna. Assessment of the morphology of the distal radio-ulnar joint is important if the risk of degenerative change is to be minimised. In most patients it is difficult to obtain sufficient length of the radius with an osteotomy alone and simultaneous ulnar shortening is often required. As a consequence of the disease the forearm is shortened in most patients and therefore further shortening of the forearm bones is undesirable.
Encouraged by the work of Villa et al 14 and early reports of Ilizarov lengthening techniques for Madelung's deformity, 15, 16 we have modified the configuration of the frame to avoid transfixation of the forearm bones or the radio-ulnar and radiocarpal joints. 17 Lacher et al 15 used a modified Ilizarov method and both Villa et al 14 and de Billy et al 16 have used the technique to lengthen an opening wedge osteotomy gradually. In both studies Kirschner-wires were used for fixation.
The technique which we describe gives restoration of the anatomy of the wrist to almost normal by repositioning the radio-ulnar joint and thereby reversing some of the biomechanical changes caused by the ulnar and volar shift of the carpus. However, there are still slight deformities and malalignments in the joints in some of the patients. Furthermore, the carpal bones are deformed in long-standing Madelung's disease. Surgery should aim to correct the deformity sufficiently to improve pain and movement.
The use of half pins instead of transfixation Kirschnerwires allows nearly normal movement of the forearm and wrist during the prolonged period of external fixation. The Ilizarov technique allows correction of the deformity in two planes controlled by radiographs. There is no need for bone graft and the pins are removed without anaesthesia. We assume that the slow correction by gradual lengthening allows the ligament complex of the distal radio-ulnar joint to adjust to the lengthened radius, and thereby contribute to the stability of the joint. This may be the keystone for relief from pain. In our series not only were pain, shortening and deformity of the forearm improved but function also benefited considerably. The Ilizarov technique should be considered for the surgical treatment of Madelung's deformity in patients suffering persistent pain when correction of a large angle and/or length is indicated.
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